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Resume 
Des parametres d'atomisation electrothermique et 
de generation d'hydrure avec injection en flux continu 
furent optimises. La plus haute sensibilite et /es 
meilleurs profits de pie furent obtenus au moyen de 
tubes de graphite couverts de Zr-Ir avec des 
temperatures de capture, de pyrolyse et d'atomisation 
de 75 °C, 350 °C et 1,200 °C, respectivement. Pour 
une colonne d'Amberlite IRA-400 (60 mm x 6.6 mm 
de diametre interne), /es conditions optima/es etaient 
3% NaBH4 + 0.5% NaOH, charge pendant 25 s a 
5.20 ml/min, un debit de gas porteur de 125 ml/min 
et une acidite d'echantillon de HN03 0.30 mo/ L-1• 
Le liquide porteur etait de l'eau deionisee a 5.80 ml/ 
min. La limite de detection (3s) en solution aqueuse 
pour 3 ml d'echantillon etait 2-4 ng/L, avec une 
frequence d 'echantillonnage de 20/h. Les signaux 
etaient ameliores en presence de L-cysteine, thiouree 
et cobalt. Les limites de detection (3s) etaient de 3-15 
ng/L pour des echantillons d 'eaux nature lies et de 
90-180 ng/L pour du vin, de la salive, dujus d'orange
et de I 'urine. Les taux de recouvrement etaient de 90
- 104%. La courbe d'etalonnage etait lineaire jusqu 'a
3 00 ng/L. La masse caracteristique (surface sous le
pie de 0. 0044 abs s) eta it 4.90 pg et l 'efficacite
globale de transfert etait 38%. Des analyses exactes
furent faites d'echantillons de controle de la qualite
(Joie de baleine et sang de chevre), et de trois
materiaux de reference etalons du NIST de I 'urine
lyophilisee (SRM 2670), des feuilles d'epinard (SRM
* Author to whom correspondence should be addressed:
tyson@chemistry.umass.edu
Accepted (in revised form): September 21, 2004 
1570a), et des feuilles de tomate (SRM 1573a). 
Abstract 
Both electrothermal atomization and flow injection 
hydride generation parameters were optimized. The 
highest sensitivity and best peak shapes were obtained 
from Zr-Ir coated graphite tubes with trapping, 
pyrolysis and atomization temperature of 75 °C, 350 
°C, and 1,200 °C, respectively. For an Amberlite IRA-
400 column (60 mm x 6. 6 mm i.d.), the optimum 
conditions were 3% NaBH4 + 0.5% NaOH, loaded 
for 25 s at 5.20 ml min-1, carrier gas flow rate of 
125 ml min-1 and sample acidity 0.30 mo/ L-1 HN03• 
The carrier was deionized water at 5. 80 ml min·1• 
The limit of detection (3s) in aqueous solution for a 3 
ml sample was 2-4 ng L-1, with a sampling frequency 
of 20 h-1• Signals were enhanced in the presence of 
L-cysteine, thiourea and cobalt. The detection limits
(3s) were 3-15 ng L-1 for natural water samples and
90-180 ng L-1 for wine, saliva, orange juice, and
urine. Percent recoveries were 90 - 104%. The
calibration curve was linear up to 300 ng L·1• The
characteristic mass (peak area of 0.0044 abs s) was
4.90 pg and the overall transfer efficiency was 38%.
Accurate analyses of quality control samples (whale
liver and goat blood), and three NIST standard
reference materials, freeze-dried urine (SRM 2670),
spinach leaves (SRM 1570a), and tomato leaves
(SRM 1573a), were made.
Keywords: Cadmium, chemical vapor generation, in­
atomizer trapping, electrothermal atomic absorption 
spectrometry, immobilized tetrahydroborate. 
Introduction 
It is well established that significant improvements in 
the limits of detection of electrothermal atomization atomic 
absorption spectrometry may be achieved by chemical 
vapor generation and in-atomizer trapping as recently 
reported for the determination of As, Se, Pb, Te, Cd, Sn, 
Sb, Bi, and Au, as well as vapour generation of mercury 
( 1-10). With this technique, large sample volumes can be 
utilized providing significant advantages over typical 
graphite furnace or quartz tube atomizer with high 
sensitivity and low limit of detection together with the 
simplicity of automatic operation, which have been 
reviewed in the past years (11-13). Different types of 
coating modifiers have been effectively used, i.e., Pd 
(14,15), Pt (16), W (17), Ir (18), Rh (16), Ru (16), Zr 
(17,19,20) and some of the mixtures of these elements 
e.g. Pd-Ir (21), Zr-Ir (22), W-Ir (23,24).
Nowadays, cadmium is of interest as a toxic
environmental pollutant since it has many adverse effects 
on humans, plants and animals (25). The need to monitor 
cadmium contamination in the environment at ever 
decreasing concentrations provides a driving force for 
the development of methods that are accurate and have 
low limits of detection, but are also simple, rapid, and 
inexpensive. Investigations of cadmium at ultratrace 
levels in biological environmental applications have been 
supported by ET-AAS with in-atomizer trapping ( 6,26-
34 ). In addition to an uncoated tube (34), cadmium has 
been trapped on several types of coated graphite tubes, 
including Pd (26-28), Ir (29-32), Zr-Ir (6), W-Ir (6), Zr 
(6,28,29), W (6,28,29), Rh (33) leading to improvements 
in the limits of detection to 2-200 ng L- 1 by depending on 
sample volume and hydride generation system. However, 
a major drawback of a typical flow-injection hydride 
generation procedure is that large amounts of reagents 
are required as the pumps run continuously during the 
measurement and only sample solution is injected. In 
addition, dilute tetrahydroborate solutions are unstable. 
Several researchers have proposed that improved 
performance can be obtained, when using sodium 
tetrahydroborate as the generating agent, with 
concentrated solutions or even the solid reagent (35-37). 
Maleki et al. (3 7), for example, generated lead hydride 
with solid sodium tetrahydroborate and solid tartaric acid. 
Tian et al. (38, 39) developed a "movable reduction bed 
hydride generator" prepared by coating a mixture of 
KBH4 and powdered organic acid on the surface of 
adhesive tape, from whose 
generated from 
need for sample acidification, or a <eui,- .. uu,, ... ·"·I-' .... ,, .... �._,.. 
It has suggested that with solid forms of 
interferences are severe due to the shorter contact 
time with the reagents ( 40). 
Solid generating regents can be alternatively 
by immobilization on surtao,le 
such as ion-exchange resins. Arsenic ( 41,42,45), se11emwn 
(43,44), antimony (45,46), Cd (47) and Pb (48) 
determined with such reagents. Some matrix 
interferences are compared with 
encountered with BH4- in aqueous solution 
The improvement of the limit of detection has 
been attributed to a decrease in the blank signal and 
associated noise as a smaller amount of reagent is u.., ... ., ... ....,,._., 
and reagent contaminants are removed by the 
immobilization process, producing a purer 
44). 
To the best of our knowledge, the application of 
immobilized tetrahydroborate for the determination 
cadmium by chemical vapor generation and in-atomizer 
trapping by ETAAS, has not been In the 
present work, we have developed such a J..u,.,uiu•-.. 
the aims of obtaining improved 
interferences, (b) reduced reagent consumption 
waste, and ( c) an improved detection limit in the 
of biological and environmental samples. The method 
developed was applied for the determination of cadmium 
in biological and environmental matrices, including several 
natural waters, wine, orange juice, saliva, urine, plants, 
whale liver, goat blood and some "''"<:J!Tlrl'lrn 
reference materials. 
Experimental 
Instrumentation 
A Perkin-Elmer Instruments, ....,,.HH�'U'.u, 
CT, USA) model 41 OOZL atomic absorption """"',. h-,,n-.,,.t,,.r 
with transversely heated graphite atomizer (THGA) with 
Zeeman-effect background correction and THGA 
graphite tubes with integrated platforms (Perkin-Elmer, 
part No. B300-0641 ), coated with several types of suitable 
permanent modifiers, were used. The cadmium hollow 
cathode lamp was operated at 4 mA. The monochromator 
was set at of228.8 nm with a 0.7 nm spectral , . ..,, .. ,r1 .... ,,"" 
The flow injection manifold, shown in Figure 1, was 
assembled on a Perkin-Elmer FIAS-400 with 

on 
was set at about 1 
mm ( 49). A separator filled with 
(Perkin-Elmer part No BO 1 was Method 
.._,.,.,.,UjJ�'"'"' were digested in a MDS-2100 microwave 
optimization was the highest peak area sensitivity and 
well defined peak profile. The effects of anion-exchange 
resin, column dimensions, concentration of 
tetrahydroborate, loading time, loading flow rate of 
tetrahydroborate, carrier reagent flow rate, carrier gas 
flow rate, stripping coil lengths, transfer line lengths, and 
acidity of sample were studied. The efficiency of three 
strong anion-exchange resins, Amberlite IRA-400, 
Amber lite IRA-410, and Amberlyst A-26 were 
investigated. For Amberlite IRA-400, six dimensions of 
columns were investigated (50 mm x 3 mm i.d., 100 mm 
x 3mm i.d., 135 mm x 3 mm i.d., 20 mm x 3 mm i.d., 60 
mm x 6.6 mm i.d., and 110 mm x 6.6 mm i.d.). The sodium 
tetrahydroborate, prepared in 0.5% (w/v) NaOH, 
concentrations were varied in the range of 0.1- 6.0% 
(w/v). The NaBH4 loading flow rate was varied from 
2.0-9.4 mL min- 1 and the time from 5-90 s. The flow
rate of the deionized water carrier was varied from 2. 7 
to 9.4 mL min-1• The argon gas flow rate was varied
from 0-250 mL min-1, and the stripping coil length from
11-158 cm. Transfer line lengths of 50 and 80 cm were
used. The solution acidity was varied from 0.05-3.0 mol
L· 1 of HN03• 
Analytical performance 
Under optimized conditions, data for calibration curves 
for cadmium standards containing 0.0, 50, 100 and 200 
ng L- 1 in 0.30 mol L-1 HN03 prepared in 1 % thiourea
and 1 mg L-1 cobalt were obtained with different sample
volumes (0.20, 0.50, 1.0, 2.0, 3.0, 4.0, 5.0, and 7.0 mL). 
The detection limits were calculated as the concentrations 
· that give signals equal to three times the standard
deviations of the blanks. The precision was evaluated as
the RSD of the 5 replicates responses to solutions
containing 50 and 200 ng L· 1• The linearity of the
calibration was determined for cadmium standards
containing 50, 100, 200, 300, 400 and 500 ng L-1 in 0.30
mol L- 1 HN03, 1 % thiourea and 1 mg L-
1 cobalt. The
overall efficiency of hydride generation, transportation
and trapping efficiency was calculated from the
characteristic mass of the procedure developed technique
and that calculated from the signal obtained direct injection
of50 µL of cadmium standards containing 0, 1.5, 3.0 and
4.5 µg L· 1 in diluted nitric acid.
Retention and depletion of tetrahydroborate on the 
anion-exchange column 
The amount of hydrogen gas generated from 
tetrahydroborate immobilized on Amberlite IRA-400 
anion-exchange column (60 mm x 6.6 mm i.d.) was 
calculated from the volume of water displaced. A solution 
containing 3% NaBH4 (w/v) in 0.5% (w/v) NaOH was 
loaded for 25 s followed by the continuous passage of 
0.30 mol L-1 nitric acid. The number of mol of hydrogen
was calculated from the ideal gas law. The solubility of 
hydrogen gas in water, 1.91 mL/100 mL, was taken into 
account for the calculation. From this the number of mol 
of tetrahydroborate retained on the column was 
calculated. The percent retention of tetrahydroborate was 
derived from the total number of mol of tetrahydroborate 
passed through the column. For the investigation of the 
depletion of tetrahydroborate immobilized on the column 
for different sample volumes, volumes of 0.30 mol L- 1 
HN03 ranging from 0.2 to 7 mL were passed through 
the column after loading with tetrahydroborate and the 
volume of hydrogen liberated was measured. 
Interference s tudies 
Under the optimized condition, interferences from a 
number of cations possibly present in biological samples 
on the signal of 100 ng L- 1 Cd were investigated. Potential
intererents included Ca(II), Mg(II), Al(III), Zn(II), Cr(VI), 
Cu(II), Fe(III), Mn(II), Co(II), Ni(II), Pb(II), As(III), 
Sn(II), and Se(IV) at concentrations of 10 µg L- 1 to 100
mg L- 1 added to a 100 ng L- 1 cadmium standard solution 
in 0.30 mol L· 1 HN03, 1.0% (w/v) thiourea and 0.1 %
(w/v) L-cysteine. For each solution, the response relative 
to that in the absence of interf erent was calculated. 
Sample pretreatment 
1. Natural water samples
Water samples from the Connecticut River
(Northampton, MA), the campus pond (UMASS, 
Amherst, MA), Puffers pond (lake water, Amherst, MA), 
and seawater (Newport, RI) were collected in 2-L 
polypropylene containers. Samples were filtered through 
filter paper (Whatman No. l) and preserved with sub­
boiled concentrated nitric acid ( 12. 7 mL per liter of sample 
giving a concentration of0.20 mol L-1 ). Standard additions
of 100, 200 and 300 ng L- 1 were made by the addition of 
the appropriate volume of 100 µg L- 1 cadmium standard
solutions to 10 mL of sample. Appropriate amount of 
thiourea, cobalt and nitric acid were added in order to 
obtain the concentrations of 1 % (w/v) thiourea, 1 mg 
L-1 cobalt and 0.30 M HN03 • To separate 10-mL portions
of each sample material, were added 15 µL of the 100-
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Figure 2. Peak profiles of Cd 5 µg L-1 in 1 % (w/v) thiourea + 1 mg L-' Co-0.20 mol L-1 250 µL from (a)
Rh-coated, (b) Ir-coated, ( c) Zr-Ir coated, ( d) used pyrolytic graphite tube, and ( e) new uncoated pyrolytic 
graphite tube 
µg L-1 standard to give a spike of 150 ng L- 1• This solution 
was analyzed against the standard additions calibration 
and the percentage recovery calculated. 
2. Wine, human saliva, orange juice, urine, whale
liver, goat blood, and SRMs
Three mL of wine, human saliva, orange juice, and 
human urine, 0.6-0.8 g ofQC97LH2 Beluga whale liver 
(2003NIST/NOAA trace elements in marine mammals 
QA interlaboratory comparison material), 1 mL of goat 
whole blood (TE03-01 and TE03-03 New York State 
Department of Health, Interlaboratory study, 2003), 0.20 
mL of reconstituted SRM 2670 freeze-dried urine, 0.10-
0.20 g ofSRM 1573a tomato leaves, 0.20-0.25 g ofSRM 
1570a spinach leaves were transferred into PTFE vessels 
and 3 mL sub-boiled concentrated nitric acid and 1 mL 
of30% hydrogen peroxide were added. For the recovery 
studies for urine, wine, saliva and orange juice, 100 µg 
L- 1 cadmium standard solution was added to produce an 
added cadmium concentration of 100 ng L-1 after dilution 
to volume. The vessels were sealed and irradiated at 
66% power for 17 min. After cooling, the solutions were 
filtered and transferred to beakers and evaporated to near 
dryness; 0.48 mL of concentrated nitric acid was added, 
and the solution transferred to a 25-mL calibrated flask 
and made up to volume with water. For the wine, human 
saliva, orange juice, and human urine digests, 2.5 mL of 
10% (w/v) thiourea and 0.025 mL of 1000 mg L- 1 Co 
were added, giving final concentrations of 1 % (w/v) 
thiourea and 1 mg of cobalt in 0.30 mol 
Standard additions of 200 and 400 ng L- 1 were made 
the addition to 5 mL of wine, saliva and orange 
juice digests of the appropriate volume of 100 µg 
cadmium standard solutions. For beluga whale 
samples, goat whole blood samples TE03-01 and TE03-
03, the digested solutions were diluted 500, 2, and 4 
prior to the analysis, respectively and prepared in 0. 1 % 
L-cysteine + 1 mg L-1 cobalt in 0.30 mol L-1 HN03 • For
SRM2670, SRM 1570a and SRM 1573a, the final volume
of digest solutions was 250 mL and prepared in 0.1 % L­
cysteine + 1 mg L-1 cobalt in 0.30 mol L-1 HN03 • Standard
additions of 100, 200 and 300 ng were made the
addition of the appropriate volume of 100 µg cadmium
standard solution to 25 mL of the SRM digests to 10
mL of the whale liver and goat blood digests .
Results and Discussion 
Optimization of ETAAS parameters 
Three types of permanent modifiers as .-.r�'"""' 
reported (6, 10, 18, 22) for cadmium and other vapor 
species were investigated. The peak profiles are shown 
in Figure 2. When T and pyrolysis time for Ir-coated 
pyr 
tubes were increased to 450 °C and 5 s, the 
gradually decreased; however, for Rh-coated 
coated tubes, T and pyrolysis time did not 
pyr 
areas. T 
trap 
and Tat strongly influenced the peak area for 
all coatings. It should be noted that the and 
Table 2. Comparison of trapping temperature, pyrolysis temperature, 
pyrolysis time, and atomization temperature from different types of 
metal-coated graphite tubes for cadmium determination 
Types ofiretal coated GTA Tuar (
0C) \yr ( °C) 
Ir (120 µg) 
Zr (110 µg) Ir (8 µg) 
Rh (250 µg) 
100 
75 
150 
200 
350 
400 
Pyrolysis Tat ( OC) titre (s) 
4 1,250 
5 1,200 
4 1,300 
cleaning steps were necessary since peak profiles were 
better compared to those obtained without the pyrolysis 
and cleaning steps. The optimized ETAAS parameters 
are given in Table 2. For the Ir-coated tube, a tailing 
profile with a small "pre-peak" at 0.35-0.50 s of the 
integration time was observed. This was considered to 
be sub-optimal because the precision of peak area 
absorbance could be affected by the tailing profile. For 
the R h-coated tube, a distorted peak profile was also 
observed with a small pre-peak at approximately 0.5 s 
of the integration time. The mixture of permanent modifier, 
Zr-Ir at 110 µg of Zr and 8 µg oflr gave highest sensitivity 
with good trapping efficiency at room temperature. A 
small pre-peak was observed at 0.5-0. 75 s of the 
integration time, possibly due to the atomization of Cd 
trapped on the wall. Cadmium was also trapped at room 
temperature (20 °C) (Figure 2d) on a pyrolytic graphite 
tube, previously used with the mixed modifier Pd and 
Mg(N03)2• A new uncoated pyrolytic graphite tube 
produced a double peak. As Ttrap increased over 100 °C 
for Zr-Ir coated graphite tube, the peak area gradually 
decreased. The peak area also deceased when Tat was 
greater than 1,200 °C. Values ofTtra at 75 °C, T at 350 
 p pyr °C for 5 s and Tat at 1,200 °C for the Zr-Ir coating were 
considered as the optimized conditions and were set for 
the next optimization stage. The cleaning step was carried 
out at 2,000 °C. These optimized conditions were quite 
different from those reported by Lampugnani et al. ( 6) 
ofTtrar 350 °C, Tpyr 500 °C, and Tat 1300 °C possibly due 
to the different condition of instrument, chemical 
parameters used for the optimization stage, and type of 
THGA employed. Our work indicated that lower Ttrar' 
T pyr and Tat values gave the higher sensitivity, and could 
increase the lifetime of the coated graphite tube 
(approximately 485 firings). One possible parameter 
influencing the double peak formation could be the 
distance from the capillary to the platform. This was 
not study as Lampugnani et al. reported 
Table 3. Optimized conditions for the determination of cadmium by 
FI-HGAAS from the immobilized tetrahydroborate with in-atomizer 
trapping ETAAS 
Parameters 
N aBH4 concentration (% mv) 3.0 
Loading tim:: of NaBH4 (s) 25 
Loading flow rate (mL rnin·1) 5.20 
Carrier agent flow rate (mL rnin·1) 5.80 
Sample acidity (tml L·1) 0.30 
Carrier gas flow rate (mL rnin·1) 125 
Stripping coil length (cm) 11 
lrtjected sample volurre (mL) 3 
Detection limit (ng/L) 4.4 
( 6) that this parameter had no effect. They also reported
that double peaks were observed at lower trapping
temperatures, especially with W-Ir coatings, but did not
offer any explanation for their formation. We concluded
that the higher sensitivity obtained at lower trapping
temperatures outweighed the possible disadvantages
associated with the double peak formation.
Optimization of flow injection hydride generation 
parameters 
The highest sensitivity was obtained for the strongly 
basic, polystyrene, anion-exchangeAmberlite IRA--400. 
The sensitivities obtained withAmberlystA-26 (macro­
reticular type resin) and withAmberlite IRA- 410 were 
lower. The column dimension of 60 mm x 6.6 mm i.d. 
gave the highest sensitivity. Shorter columns i.e. 50 mm 
x 3 mm i.d., 20 mm x 6.6 mm i.d., gave lower sensitivity 
compared with that oflonger columns (135 mm x 3 mm 
i.d., and 60 mm x 6.6 mm i.d.). However, the sensitivity 
decreased with an even longer (110 mm x 6.6. mm i.d.) 
column. The optimized conditions are given in Table 3. 
The effect of concentration ofNaBH4 is shown in Figure 
3(a). The initial increase with increasing concentration is 
interpreted as due to increased hydride formation until 
the total gas flow rate produces a decreased trapping 
efficiency and degradation in precision. The effect of 
loading time is shown in Figure 3(b ), which shows an 
increase in signal with increasing amount of 
tetrahydroborate until the column is effectively saturated. 
The effect of argon flow rate is shown in Figure 3( c ). 
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Figure 3. 200 ng L- 1 Cd in 1 % (w/v) thiourea + 1 mg L- 1 Co-0.20 mol L- 1 HN03 , sample volume 2 mL (a) Effect ofNaBH4 concentration on
peak area; (b) Effect ofloading time ofNaBH4 on peak area; ( c) Effect of carrier gas flow rate on peak area; ( d) Effect of acid concentration on 
peak area. 
The signal increases as the stripping efficiency increases 
accompanied by decreased decomposition during 
transport in the gas phase, followed by a decrease in 
trapping efficiency at higher flow rates. The effect of 
loading flowrate was much less pronounced, showing a 
slight maximum at 5.2 mL min- 1• The carrier agent flow 
rate also did not significantly affect the signal and a value 
of5.8 mL min-1 was chosen. The signal decreased steadily 
as the stripping coil length increased and hence the 
minimum value practicable of 11 cm was selected. The 
shorter transfer line (50 cm) between the GLS and 
autosampler arm gave higher sensitivity than 80 cm 
transfer line. As can be seen in Figure 3(d), the acidity of 
solution has a significant effect on the signal presumably 
through its role in the generation of volatile cadmium 
species. The profile agrees with that of our previous work 
on the determination of cadmium and lead by AAS with 
hydride generation from an immobilized tetrahydroborate 
column and quartz tube atomization. The optimal 
concentration of nitric acid was 0.30 mol L- 1• Under 
optimized conditions, the consumption ofNaBH4 was only 
2.17 mL (i.e. 65 mg) per analysis. The amounts ofreagent 
consumed by the proposed method are much less than 
by the conventional hydride generation technique. 
Analytical performance 
The relationship between sample volume and the 
detection limit is shown in Figure 4; the lowest detection 
limit of 4.4 ng L- 1 was obtained for a sample volume of3 
mL. The plot generally follows the rectangular hyperbola 
relationship described by Tyson and co-workers (50,51 ), 
though the slight increase in limit of detection at higher 
sample volumes (9.5 ng L-1 at 7 mL) is not accounted for 
by the simple model that forms the basis of this 
relationship. Under the optimized conditions, the precision 
was 5.1 % and 4.2% RSD (n = 5) at concentrations of 
50, and 200 ng L- 1, respectively. The calibration curve 
was linear up to 300 ng L- 1 of aqueous standard solution 
of cadmium. It was also found that the detection limit 
varied from day to day; the best value obtained during 
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Figure 4. Relationship between sample volume and detection limits 
of cadmium by flow injection vapor generation from immobilized 
tetrahydroborate with in-atomizer trapping by ETAAS 
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Figure 5. Percent depletion of tetrahydroborate immobilized on 
Amberlite IRA-400 column ( 60 mm x 6.6 mm i.d.) at different sample 
volumes of 0.30 mol L- 1 HN03 
this study was 2.3 ng L-1• The number of measurements 
that can be made that can be analyzed per hour (sampling 
frequency) was 20. The characteristic mass for peak 
area measurement was 4.90 pg (compared with 1.84 pg 
for direct aqueous solution introduction). The detection 
limit obtained from the proposed method was better than 
those obtained previously for Pd (26-28), Ir (29,30), and 
comparable with that for an end-capped Zr-Ir THGA 
graphite tube (6) with better sampling frequency. The 
overall efficiency of generation, transportation and 
trapping efficiency is 3 8%, similar to that reported 
previously by Lampugnani et al. ( 6). 
Retention and consumption of tetrahydroborate on 
the column 
From the volume of hydrogen evolved from the column 
after loading tetrahydroborate under the optimized 
condition of 101.0 ± 0.3 mL, it was calculated that the 
amount of tetrahydroborate retained on the column 
was 
Table 4. The characteristic of standard addition curves of cadmium in 
different matrices of the detection limits and percent 
recoveries 
Matrix 
Day l 
Deilnized water* 
Connecticu. River* 
Carrpus pooo* 
Puffers pooo (hke water) 
Seawater (Newport) 
Day IJd 
Deilnized water* 
Wne* 
Humm saliva* 
Orange jm::e* 
Humm urine* 
Characteristic ofregressiln li1e 
Sbpe abs Intercept R (li1ear 
L µg' abs regressiln) 
0.726 0.0086 0.9997 
0.772 0.0156 0.9994 
0.525 0.0342 0.9985 
0.622 0.0116 0.9999 
0.355 0.0329 0.9979 
1.282 0.0195 0.9940 
1.350 0.0577 0.9927 
1.048 0.0478 0.9958 
0.680 0.115 0.9991 
1 .205 0.0917 0.9997 
Detection Recovery 
limts (µg L' 
(%)' or µgig), 3s 
0.0041 
103 0.0145 
99 ± 7b 0.0114 
97 ± 6b 0.0028 
96 ± 6b 0.0085 
0.0047 
90 ± 4' 0.18 
104 ± 8' 0.12 
96 ± 5' 0.18 
94 ± 6' 0.092 
mg at 
150 ng L-1; c at 100 ng L- 1; d a New Zr-Ir coated GTA was used
1.07 x 10-3 mol and hence the retention of 
tetrahydroborate on column was 62.2%. The plot of 
sample volume and percent consumption of 
tetrahydroborate immobilized on column is shown in Figure 
5, from which it may be seen that the consumption 
reached a plateau of 90% at sample volumes from 5-7 
mL. The volume of hydrogen gases generated from one 
injection of 3 mL 0.30 mol L-1 of HN03 was 76.4 mL
corresponding to 75.7% consumption ofBH4- immobilized 
on column. 
Matrix effects and interference studies 
The standard additions calibrations for natural 
waters, and the post-digestion matrices for wine, human 
saliva, orange juice, and human urine were compared 
with the calibration for aqueous standard solutions. The 
characteristics of the regression, detection limit and 
percent recoveries are given in Table 4. The slopes for 
different sample matrices were compared with that for 
aqueous standards on the same day, as the sensitivity 
varied slightly from day to day. The large change in 
sensitivity shown was due to the replacement of a tube 
nearing the end of its useful lifetime with a new, freshly 
coated tube. The detection limits (3s) were in the range 
of 3-15 ng L-1 for natural water samples and in the range 
90-180 ng L-1 for saliva, juice, and samples. 
n 
-
t 
f 
f 
f 
Table 5. Effect of coexisting cations on percent relative peak area of I 00 ng L· 1 of cadmium standard solution 
Elcirents 
Concentration 
(mg L·1) 0.30 rm! L· 1 HN03 
Ca(II) 100 96 
Mg(II) 100 94 
Arm> LO 90 
10 81 
Zn(II) 1.0 58 
10 25 
Cr(VI) 0.01 81 
0.1 23 
Cu(II) 0.01 44 
0.1 19 
Fe(III) O.oI 74 
0.1 30 
Mn(II) 0.1 101 
1.0 32 
Co(II) 0.1 80 
1.0 66 
Ni(II) 0.1 73 
1.0 9 
Pb(II) 0.01 36 
0.1 17 
As(III) 0.1 99 
1.0 19 
Sn(II) 0.1 97 
1.0 46 
Se(IV) 0.01 91 
0.1 56 
The percent recoveries were in the range 90-104%. 
The interference effects of 14 coexisting elements at 
different concentrations in 0.30 mol L- 1 nitric acid, 1 % 
(w/v) thiourea and 0.1 % (w/v) L-cysteine are summarized 
in Table 5. Suppressions from Cu, Fe, Cr, Pb at 0.1 mg 
L- 1; Mn, Ni at 1 mg L-1, and Zn at 10 mg L- 1 were 
observed. Other hydride forming elements, Se (IV), 
As(III) and Sn(II) suppressed the cadmium signal at high 
concentrations, whereas Ca(II), Mg(II), and Al(III) had 
less suppression effect. An enhancement effect was 
observed for some elements, e.g., Co, Ni at 1 mg L- 1 and 
0.1 mg L- 1, respectively. 
Accuracy of the method 
The results for the analyses of Beluga whale liver 
Relative peak area (%) 
0.1 % (w/v) L-cysteinc 1 % (w/v) thiourea and 
and 0.30 rm! L· 1 HN03 0.30 rm! L·1 HN03 
115 107 
96 88 
87 89 
85 64 
80 44 
48 39 
99 74 
37 49 
48 92 
27 27 
51 82 
49 66 
67 103 
28 98 
122 104 
129 236 
122 72 
9 9 
65 55 
22 18 
36 79 
47 62 
106 100 
28 71 
47 104 
11 87 
(QC97LH2), goat blood (TE03-01 and TE03-03), freeze­
dried urine (SRM 2670), spinach leaves (SRM 1570a), 
and tomato leaves (SRM 1573a) are shown in Table 6. 
The results obtained for the determination of cadmium in 
these quality control samples and three NIST standard 
reference materials, are not significantly different from 
the recommended values and certified values (t-test, 
p=0.05). 
Analysis of samples 
The values obtained for the concentrations of cadmium 
in the real samples were: Connecticut river 8 ng L- 1, 
campus pond 53 ng L- 1, Puffers pond< 3 ng L- 1, seawater 
81 ng L- 1, wine 230 ng L- 1, saliva 380 ng L- 1, orange juice 
1,400 ng L- 1, and urine 510 ng L- 1• In only one case was 
Table 6. Analysis of Beluga whale liver (QC97LH2), goat blood 
samples (TE03-0I, TE03-03), SRM 2670, SRM 1570a, and SRM 
1573a by standard additions 
Control sarr{lles* 
Recomnerrled value ± 
Value fuum ± SD' 
uncertainty 
QC97LH2 2.35 ± 0.06 µg g' 2.45 ± 0.14 µg g1 
(Beilga whale liver) 
TE.03-01 
6.90 ± 0.50 µg L· 1 b 6.73 ± 0.09 µg L·1 
(Goat whole blood No. I) 
TE.03-03 
17.6 ± 1.2 µgL· 1 b 18.04 ± 0.28 µg L"' 
(Goat whole blood No.3) 
Certimd valtk! ± 95% Value fmn:I ± 95% SRM* 
confilence limit confilence lint" 
NIST SRM 2670 
0.088 ± 0.003 µg ml:' 0.091 ± 0.010 µg ml:1 
Freeze dr urine 
NIST SRM 1570a 
2.89 ± O.Q7 µg g1 2.86 ± 0.35 µg g1 s pilach eaves
NIST SRM 1573a 
1.52 ± 0.04 µg g1 1.47 ± 0.23 µg g1 
Tomato leaws 
* In 0.1 % (m/v) L-cysteine + I mg L-1 Co/0.30 mol L-1 HN03 ; • n = 3;
b± SD
the natural concentration too low to be determined by 
the procedure. 
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